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SEVEN OPERCULA of the tetracoral Goniophyllum and
some 50 opercula of the tetracoral Rhizophyllum have been
identified in a collection of silicified coral material from the
early Wenlock (Silurian) part of the Cape Phillips Formation
on Baillie-Hamilton Island in the Canadian Arctic. This
collection was kindly forwarded to me by Professor Arthur
Boucot, from residues etched from rock samples collected
by him together with Ray Thorsteinsson in the Arctic
summer of 1971. Some 50,000 specimens were picked from
those residues (Rohr et al. 1981), including predominantly
brachiopods (Zhang 1989a-c) but also a monoplacophoran
(Boucot 1975a), trilobites (Perry & Chatterton 1977;
Adrain & Edgecombe 1997), gastropods (Rohr et al. 1981)
and sponges (Rigby & Chatterton 1989). Details of the
location, geological setting and age of the strata can be
found in the preceding papers and in Noble et al. (2012).
The Cape Phillips Formation is Ashgill (Late Ordovician)
to at least Přídolí (late Silurian) or even Early Devonian
in age (Noble et al. 2012, p. 636). According to Rohr et
al. (1981), the levels yielding the Goniophyllum material
belong to the Monograptus riccartonensis graptolite zone
(early Wenlock, Sheinwoodian; Noble et al. 2012, fig. 3).
Adrain & Edgecombe (1997), after Lenz & Melchin (1991),
correlated the Arctic Monograptus instrenuus-Cyrtograptus
kolobus graptolite zone in part with the riccartonensis Zone
of Europe. Zhang (2001) concluded that these Arctic faunas
lay at the northern end of the Wenlock Cordilleran faunal belt.
By comparison with occurrences of Goniophyllum
pyramidale (Hisinger, 1829) in the Visby Marl on Gotland
and species of Rhizophyllum in various parts of the world,
these operculate corals would originally have been members
of a shallow, quiet-water, high-diversity benthic community
(Boucot 1975b, p. 206). Baillie-Hamilton Island is shown
within the graptolite facies by Noble et al. (2012, fig. 1), but

Rohr et al. (1981, p. 332) stated that ‘The nature of the faunas
at each of the localities is consistent with their having been
derived by downslope transport and extensive disarticulation
from the outer Benthic Assemblage 3 region through
Benthic Assemblage 5. Elements of Benthic Assemblage 3
communities such as the Kirkidium Community are found
with abundant shells of Benthic Assemblage 4-5 DicoelosiaSkenidioides Community. The presence of abundant
Gracianella is consistent with an outer Benthic Assemblage
3 through 5 span.’
BIOGEOGRAPHIC SIGNIFICANCE
Global occurrences of Goniophyllum were reviewed by
Johannessen (1993) and Wright (1997). Goniophyllum
pyramidale is best known from Llandovery strata of
Gotland (Sweden) but also occurs in England, Ireland and
Norway, as well as in Canada and the USA, especially in
Maine, Indiana, Wisconsin, Iowa and Ohio (see Wright
1997). The smaller and only other species of the genus, G.
fletcheri Milne-Edwards & Haime, 1851, is known almost
exclusively from Wenlock strata at Dudley (UK), but a
specimen was recorded by Johannessen (1993, fig. 17D-E)
from Gotland (detailed locality data are not known), and
Wright (1997) illustrated a poorly preserved corallite from
the Woolhope Inlier of England. Rhizophyllum has a much
wider geographic and stratigraphic range (Hill & Jell 1969),
probably from Llandovery (lower Silurian) to Emsian (upper
Lower Devonian). The present report of Goniophyllum
draws further attention to Gotland affinities in the Arctic
fauna (already recognised by Boucot 1975a), as would
be expected from the Silurian configuration of continents
including northern Laurentia, Baltica and Avalonia proposed
by Scotese & McKerrow (1990). Adrain & Edgecombe
(1997) stated that Wenlock trilobite faunas of the Canadian
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Figure 1. Goniophyllum sp. indet. A-B, GSC 135525, counter? operculum, external and internal views respectively, x 10. C-D, GSC
135526, alar? operculum, external and internal views respectively, x 8. E-F, GSC 135528, counter? operculum, external and internal views
respectively, x 12. G-H, GSC 135530, alar? operculum, external and internal views respectively, x 12. I-J, GSC 135527, x 14; I, external
surface of Rhizophyllum operculum cemented to external surface of Goniophyllum cardinal? operculum; J, internal surface of Goniophyllum
cardinal? operculum. K-L, GSC 135890, counter operculum, external and internal views respectively, x 6.

Arctic (northern Laurentia) are most closely comparable to
those of Baltica and Britain but have little in common with
those of southern Laurentia.
SYSTEMATIC PALAEONTOLOGY
All material studied here is deposited with the Geological
Survey of Canada, with the prefix GSC. In all opercula
discussed, the straight edge where the operculum articulated
with the corallite (i.e. the hingeline) is termed posterior, and
the rounded or pointed margin opposite is termed anterior;
in Rhizophyllum the straight, posterior edge is the counter
(K) edge. The less than perfectly silicified material is fragile
(but has been impregnated with hardener), and shows beekite
rings, mostly in specimens of Rhizophyllum (e.g. Fig. 2N).
Phylum CNIDARIA Hatschek, 1888
Class ANTHOZOA Ehrenberg, 1834
Subclass TETRACORALLIA Haeckel, 1866
Family CALCEOLIDAE King, 1846
Goniophyllum Milne-Edwards & Haime, 1851
Type species. Turbinolia turbinata pyramidalis Hisinger,
1829.
Goniophyllum sp. indet. (Fig. 1)
Material. Seven Goniophyllum opercula have been
recognised in residues as follows: GSC 135890, the only
coral from GSC locality 22184 (Boucot locality 402A); GSC
135525 from GSC locality 22185 (Boucot locality 402B);
GSC 135526 from GSC locality 22187 (Boucot locality
402D); GSC 135527 from GSC locality 12273 (Boucot
locality 402XX); and GSC 135528-135530 from GSC

locality 12272 (Boucot locality 400Y). As noted above, strata
at these localities are considered to be of early Wenlock age.
According to David Rohr (personal communication, 2011)
the stratigraphic sequence of the localities is approximately
402A (lowest, approximately equivalent to 402Y), 402B,
402C, 402 XX and 402D (highest). The localities encompass
a stratigraphic interval of about 38 m, and Goniophyllum
occurs in the lowest through to the highest locality.
Description. The material includes one clearly trapezoidal
counter operculum with sharply acute lateral angles (GSC
135890, Fig. 1K-L) and six smaller opercula with roundedtriangular shape; all have a straight hingeline. Smaller
opercula have rounded growth lines anteriorly, and are
cautiously interpreted as either alar (GSC 135526, Fig.
1C-D), cardinal (GSC 135527, Fig. 1I-J; GSC 135530,
Fig. 1G-H) or counter opercula (GSC 135525, Fig. 1A-B;
GSC 135528, Fig. 1E-F; both specimens have possible
trapezoidal growth lines). Hingeline variably transverse,
faintly denticulate in large specimen. Juvenile specimens
have a variably concave external surface, and may be
strongly concave (GSC 135529, not figured), or have a
deep, asymmetrical depression (Fig. 1E, G) or an anterior
pit (Fig. 1C). Growth lines are best developed in the large
counter operculum (Fig. 1K). There are no corallites in the
present collection.
The large counter operculum has a well developed median
septum reaching just past midlength, and several incipient,
rather irregular lateral septa (Fig. 1L). A counter septum and
lateral major and minor septa are developed in GSC 135527
(Fig. 1J), and septa are weakly preserved in GSC 135530
(Fig. 1H). Anterolaterally, there are small concave areas
on the generally convex internal surface, and an upturned
anterior lip. Septa are poorly developed in small specimens
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(width 2.4–2.9 mm), although faint septal traces are present
on a weak, slightly arcuate transverse ridge (Fig. 1B, D).
Several opercula bear fine crenulations near the counter
edge, suggesting development of lists, and have a steep face
posterior of this ridge.
Remarks. Identification of the opercula (assumed to be
conspecific) poses problems not only because of the
lack of previously illustrated juveniles, but especially in
differentiating between cardinal and counter opercula, both
being essentially trapezoidal. As previously documented
by Johannessen (1993) and Wright (1997), the counter
operculum shows a socket in which the protruding tip of the
counter septum of the corallite articulated. The best preserved
and largest Arctic specimen (GSC 135890, Fig. 1K-L) has a
small socket and is interpreted as a counter operculum; the
early growth lines of this specimen are rounded, becoming
trapezoidal at a length of about 2.5 mm, as in the specimen
of Goniophyllum pyramidale pyramidale figured by
Johannessen (1993, fig. 7G). Several of the smaller opercula
show rounded triangular growth lines and it is conceivable
that they represent early stages of specimens that would have
developed trapezoidal growth lines. Two specimens (GSC
135527 and 135530) show well developed septa and may
be cardinal opercula.
Firm comparisons of this Arctic material with either
G.pyramidale or G. fletcheri are impossible. The main
problem is that few juvenile opercula of Goniophyllum have
previously been illustrated, except for a counter operculum
of G. pyramidale figured by Johannessen (1993, fig. 7H).
Qualified comparison with G. fletcheri might be justified
largely on the diminutive size of the opercula and their
Wenlock age, whereas G. pyramidale is almost exclusively
a Llandovery species. Johannessen (1993, p. 113) stated that
the only reports of an operculum of G. fletcheri were by Salter
(1873, p. 114) and Lindström (1883, p. 56), but this statement
is incorrect; Salter said, of G. pyramidale, “the operculum
has not been found yet in England, but should be looked for”
and Lindström said of Dudley G. fletcheri, that “Mr Gray
bought more than 1000 specimens of all sizes without finding
a single operculum”. The only illustrations of the holotype
corallite of the species from Dudley, England, appear to be
those of Milne-Edwards & Haime (1851), Lindström (1883)
and Johannessen (1993). It has not been possible to find out
if G. fletcheri opercula exist in the Holcroft collections from
Dudley in the University of Birmingham. Limited inferences
about (the unknown) mature opercula of G. fletcheri can be
based on information from Johannessen (1993) who stated
that the calical diameters of the most completely preserved
corallite are 9 mm (in the K-C direction) by 12 mm (in the
alar direction), and that there are some 50-70 septa (major
plus minor) in the mature corallite; there are about 9 major
septa across the K face (Johannessen 1993, fig. 17D). The
largest Arctic specimen, a counter operculum (GSC 135890),
is 7.9 mm wide and has about 4 stubby lateral septal traces
which appear to be mostly major septa; in many respects
it resembles the operculum of G. pyramidale illustrated
by Lindström (1883, pl. 8, figs 1-3). The small (width
5.6 mm) counter operculum of G. pyramidale illustrated
by Johannessen (1993, fig. 7H) appears to have about 10
septa lateral to the K septum. Some of the smallest Arctic
specimens are deeply concave, as are juvenile opercula of G.
pyramidale from Gotland (see Lindström 1883, pl. 6, fig. 19).
The material described here could, nevertheless, be the first
known opercula with fletcheri affinities, but firm assignment

to G. fletcheri or G. pyramidale cannot be confirmed.
The deep and rather irregular concavity of some opercula
(Fig. 1G-H in particular) in this Arctic material is similar
to species of another Gotland early Silurian operculate
tetracoral, Araeopoma Lindström, 1883. However, opercula
of the latter genus have thin, subparallel septa and lack a
prominent median septum (Lindström 1883; Johannessen
1995), and thus appear to differ from the Arctic specimens.
Rhizophyllum Lindström, 1865
Type species. Calceola gotlandica Roemer, 1856.
Remarks.The opportunity is taken here to illustrate, describe
and discuss briefly the best preserved of the silicified
Rhizophyllum material in the Canadian Arctic fauna. There
are few published occurrences of silicified Rhizophyllum
opercula, except for the New South Wales Silurian material
described by McLean (1974), and Early Devonian specimens
from New South Wales documented by Wright (2001, 2010)
and Trotter & Talent (2005). Largely undescribed silicified
Early Devonian Rhizophyllum material is known from the
Mandagery Park Formation (Savage 1968) and the Garra
Formation (Farrell 1992) of New South Wales. Lochkovian
silicified material from Nevada was described by Pedder
(in Pedder & Murphy 1997) as belonging to a new genus
Pararhizophyllum; the Arctic material described here differs,
probably at the generic level, in having dissepiments in
the corallite and in having a shorter counter septum in the
operculum.
Calcareous Rhizophyllum opercula have rarely been
described except on the basis of external features.
Exceptions include Lindström (1883) and Johannessen
(1998), who described isolated calcareous Rhizophyllum
opercula and corallites from Gotland. Calcareous Devonian
opercula illustrated by Bayle (1878) as Calceola gervillei
should, I believe (as did Lindström 1883), be assigned to
Rhizophyllum; this species is probably a nomen nudum, as
advised by Dr Alan Pedder (personal communication 2012),
because no type material has been formally described.
Rhizophyllum sp. cf. R. gotlandicum (Roemer, 1856)
(Fig. 2)
cf. 1856 Calceola gotlandica Roemer, p. 798.
cf. 1998 Rhizophyllum gotlandicum (Roemer, 1856);
Johannessen, p. 8, figs 3-7, 12A-B.
Material. Numerous small isolated opercula and one poorly
preserved corallite; figured specimens are GSC 135531135533 from GSC locality 22187 (Boucot locality 402D);
GSC 135536-135540 from GSC locality 12273 (Boucot
locality 402XX); and GSC 135541-135543, 135545, 135548,
135552 and 135554 from GSC locality 12272 (Boucot
locality 402Y). Other numbered material is GSC 135534135535 from GSC locality 12273; GSC 135544, 135546135547, 135549-135551, 135555 and 135891 from GSC
locality 12272. There are also two un-numbered specimens
from GSC locality 22185, three un-numbered specimens
from GSC locality 22187, and 18 un-numbered specimens
from GSC locality 12272.
Description. Opercula are transversely semi-oval to
subcircular, rarely transversely elliptical. External surface
is convex to gently concave, may be slightly resupinate,
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Figure 2. Rhizophyllum sp. cf. R. gotlandicum (Roemer, 1856); all specimens are opercula except for L. A-B, GSC 135540, external
and internal views respectively, x 8. C, GSC 135545, external view, x 8. D-E, GSC 135543, external and internal views respectively, x 6.
F-G, GSC 135539, external and internal views respectively, x 6. H-I, GSC 135533, external and internal views respectively, x 6. J, GSC
135548, external view, x 8. K, GSC 135554, internal view, x 6. L, GSC 135531, calical view of corallite, x 3. M-N, GSC 135536, external
and internal views respectively, x 6. O-P, GSC 135552, external and internal views respectively, x 5. Q-R, GSC 135541, external and
internal views respectively, x 5. S-T, GSC 135542, external and internal views respectively, x 5. U, GSC 135538, external view, x 5. V-W,
GSC 135532, external and internal views respectively, x 4. X-Y, GSC 135537, external and internal views respectively, x 4.

but stacked growth layers are present (for example, in GSC
135533; Fig. 2H). Growth lines are strongly holoperipheral,
with nucleus usually located just on counter side of midpoint;
counter portion of growth lines is parallel to counter edge;
other portions are semicircular to semi-elliptical. Hingeline
is mostly straight; lateral extremities obtusely rounded.
Posterior face is low and approximately normal to external
surface. GSC 135531 (Fig. 2L) is a fragmentary corallite
with rare dissepiments but no rootlets preserved.
Septa are low rounded ridges peripherally, up to 32 in
number, usually about 22, no obvious minor septa present; on
lateral part of larger opercula, septa bend markedly laterally
after arising normal to hinge line; up to 9 septa adjacent to
median septum may be parallel to it. Paired lists occur on
posterior edge of several opercula. Medially, a prominent
socket extends a variable distance towards anterior margin,
with a short, stout, low median septum arising just inside
socket; rarely, enlarged septa bordering socket may reach
almost to midlength. In GSC 135541 (Fig. 2Q-R) socket and
median septum are highly elevated above laterally flanking
depressions. Internally, several specimens show a distinctive,
posteriorly facing, sloping surface near hingeline (Fig. 2G,
K). Opercular width (measured along the counter edge)
ranges from 3.4 to 9.9 mm; L/W ratio is about 0.7 in smaller
specimens and about 0.6 in larger specimens.

Remarks. Because of the universal scarcity of good
assemblages of isolated Rhizophyllum opercula, a
representative growth series of the apparently conspecific
Arctic Rhizophyllum opercula is illustrated. This material
appears to consist largely of early growth stages; the largest
specimen available is probably still a juvenile. Opercula
show considerable variation in septal development and
convexity, and some are slightly irregular (e.g. Fig. 2U)
or asymmetrical in outline (e.g. Fig. 2H), but all are
characterised by holoperipheral growth lines externally
and subdued lateral septal ridges internally, as appear to
be typical of the genus. All exhibit, to a variable degree, a
short counter septum with a prominent socket for reception
of the counter septum of the corallite. Several specimens
show a distinctive, posteriorly facing, sloping surface near
the hingeline, and rarely the enlarged septa bordering the
socket may reach almost to midlength.
In having up to 32 septa, the Arctic material closely
resembles Gotland material of R. gotlandicum described
by Johannessen (1998). Lindström (1883, pl. 3, fig. 11)
illustrated about 32 subdued major septa in gotlandicum
and about 24 subdued major septa in his other species, R.
elongatum (Lindström 1883, pl. 2, fig. 10). With from 20
to 32 major septa present in the Arctic juvenile specimens,
comparisons with the two younger (Ludlow, Leintwardinian
to early Whitcliffian) Gotland species are inconclusive. One
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specimen of R. gotlandicum illustrated by Johannessen
(1998, fig. 3O; 14 mm wide) appears to exhibit the posteriorly
sloping areas seen in some Arctic material.
Lindström (1883, pl. 8, fig.16) illustrated an operculum
of the Early Devonian Rhizophyllum gervillei (Bayle, 1878)
from Néhou, France, showing some 40 major septa as well
as minor septa developed peripherally; the projecting counter
opercular face of R. gervillei is quite distinctive. The Early
Devonian operculum from New South Wales, illustrated
by Wright (2001, 2010) as Rhizophyllum sp., has fewer
and thinner major septa (about 24) but has minor septa;
the septa of the Arctic material are much more strongly
developed peripherally, and minor septa are lacking. Material
of Rhizophyllum described by McLean (1974) from New
South Wales comes from an horizon close to the LlandoveryWenlock boundary, and thus is similar in age to the Arctic
specimens, but septal characters are not well preserved on
the illustrated operculum.
ACKNOWLEDGEMENTS
I am particularly grateful to Arthur Boucot for sending me this
material for study, and to Jonathan Adrain, Robert Blodgett,
Sol Buckman, Brian Chatterton, Alf Lenz, David Rohr and
Alan Thomas for assistance with equipment, literature and
discussions. I sincerely thank Abel Prieur for allowing
me to discover and examine material of R. gervillei Bayle
from Néhou in the palaeontology museum at the Université
Claude Bernard Lyon 1 at Villeurbanne, and for kindly
photographing Bayle’s material which was not available for
loan. Jean Dougherty and Michelle Coyne (Curators, Organic
Materials Collections, Mapping Information Branch, Natural
Resources Canada) assisted with curatorial matters. I am
grateful to Professor Colin Murray-Wallace for provision of
facilities in the School of Earth and Environmental Sciences,
University of Wollongong, where my research has been
supported by the Geoquest Research Centre and the Linnean
Macleay Fellowship. Comments provided by reviewers
Alan Pedder and Tomasz Wrzołek, and particularly David
Holloway, have considerably improved the manuscript. This
is a contribution to IGCP Project 591 – The Early to Middle
Paleozoic Revolution, and IGCP Project 596 – Climate
change and biodiversity patterns in the Mid-Palaeozoic.
REFERENCES

Adrain, J.M. & Edgecombe, G.D., 1997. Silurian encrinurine
trilobites from the central Canadian Arctic. Palaeontographica
Canadiana 14, 1-109.
Bayle, E., 1878. Fossiles principaux des terrains. Explication de la
carte géologique de la France. Tome quatrième. Atlas. Première
partie. Imprimerie Nationale, Paris, 158 pls.
B oucot , A.J., 1975a. Tryblidium thorsteinssoni: first North
American occurrence of the Silurian monoplacophoran genus.
Geological Survey of Canada, Bulletin 235, 1-4.
Boucot, A.J., 1975b. Evolution and extinction rate controls.
Elsevier, Amsterdam, 427 p.
Ehrenberg, C.G., 1834. Beiträge zur physiologischen Kenntnis
der Corallenthiere im allegemeinen, und besonders des Rothen
Meeres, nebst einem Versuche zur physiologischen Systematik
derselben. Abhandlungen der physikalisch-mathematischen
Klasse der Königlichen Akademie der Wissenschaften zu Berlin
(1832), 225-380.
Farrell, J.R., 1992. The Garra Formation (Early Devonian: late
Lochkovian) between Cumnock and Larras Lee, New South
Wales, Australia: stratigraphic and structural setting, faunas and
community sequence. Palaeontographica A 222, 1-41.

147
Haeckel, E., 1866. Generelle Morphologie der Organismen.
Allgemeine Grundzüge der organischen Formen-Wissenschaft,
mechanisch begründet durch die von Charles Darwin
reformirte Descendenz-Theorie. Zweiter Band: Allgemeine
Entwickelungsgeschichte der Organismen. G. Reimer, Berlin,
462 p.
Hatschek, B., 1888. Lehrbuch der Zoologie, eine morphologische
Übersicht des Thierreiches zur Einführung in das Studium dieser
Wissenschaft. Erste Lieferung. Gustav Fischer, Jena, iv + 144 p.
Hill, D. & Jell, J.S., 1969. On the rugose coral genera Rhizophyllum
Lindström, Platyphyllum Lindström and Calceola Lamarck.
Neues Jahrbuch für Geologie und Paläontologie, Monatshefte
1969 (9), 534-551.
Hisinger, W.H., 1829. Esquisse d’un tableau des pétrificactions
de Suède, distribuées en ordre systématique. Nouvelle Édition.
P.A. Norstedt, Stockholm, 44 p.
Johannessen, W.H., 1993. Species of the Silurian operculate coral
genus Goniophyllum. Geologiska Föreningens i Stockholm
Förhandlingar 115, 119-143.
Johannessen, W.H., 1995. Species of the Silurian operculate rugose
coral genera Araeopoma and Rhytidophyllum. GFF 117, 31-41.
Johannessen, W.H., 1998. Two species of the operculate rugose
coral genus Rhizophyllum from Ludlovian beds on Gotland.
GFF 120, 1-16.
King, W., 1846. Remarks on certain genera belonging to the Class
Palliobranchiata. Annals and Magazine of Natural History 18,
26-42, 83-94.
L enz , A.C. & M elchin , M.J., 1991. Wenlock graptolite
biostratigraphy of the Cape Phillips Formation, Canadian Arctic
Islands. Transactions of the Royal Society of Edinburgh: Earth
Sciences 82, 211-237.
Lindström, G., 1865. Några iakttagelser öfver Zoantharia rugosa.
Öfversigt af Kungliga Svenska Vetenskaps-Akademiens
Förhandlingar 22, 271-294.
L indström , G., 1883. Om de palæozoiska formationernas
operkelbärande koraller. Bihang till Kungliga Svenska
Vetenskaps-Akademiens Handlingar 7 (4), 1-112.
McLean, R.A., 1974. Cystiphyllidae and Goniophyllidae (Rugosa)
from the lower Silurian of New South Wales. Palaeontographica
A 147, 1-38.
Milne-Edwards, H. & Haime, J., 1851. Monographie des polypiers
fossiles des terrains palæozoïques, précédée d’un tableau général
de la classification des polypes. Archives du Muséum d’Histoire
naturelle de Paris 5, 1-502.
Noble, P.J., Lenz, A.C., Holmden, C., Masiak, M., Zimmerman,
M.K., P oulson , S.R. & K ozłowska , A., 2012. Isotope
geochemistry and plankton response to the Ireviken (earliest
Wenlock) and Cyrtograptus lundgreni extinction events, Cape
Phillips Formation, Arctic Canada. 631-652 in Talent, J.A. (ed.),
Earth and life. Global biodiversity, extinction intervals and
biogeographic perturbations through time. Springer, Dordrecht.
Pedder, A.E.H. & Murphy, M.A., 1997. Lochkovian Rugosa of
Nevada. Geological Society of America, Special Paper 321,
341-385.
Perry, D.G. & Chatterton, B.D.E., 1977. Silurian (Wenlockian)
trilobites from Baillie-Hamilton Island, Canadian Arctic
Archipelago. Canadian Journal of Earth Sciences 14, 285-317.
Rigby, J.K. & Chatterton, B.D.E., 1989. Middle Silurian Ludlovian
and Wenlockian sponges from Baillie-Hamilton and Cornwallis
islands, Arctic Canada. Geological Survey of Canada Bulletin
391, 1-69.
Roemer, F., 1856. Bericht von einer geologisch-paläontologischen
Reise nach Schweden. Neues Jahrbuch für Mineralogie,
Geognosie, Geologie und Petrefakten-Kunde 1856, 794-815.
R ohr , D.M., B oucot , A.J. & P erry , D.G., 1981. Silurian

148
(Wenlockian) gastropods from Baillie-Hamilton Island,
Canadian Arctic. Journal of Paleontology 55, 331-339.
Salter, J.W., 1873. A catalogue of the collection of Cambrian
and Silurian fossils contained in the Geological Museum of
the University of Cambridge. Cambridge University Press,
xlviii + 204 p.
Savage, N.M., 1968. The geology of the Manildra district, New
South Wales. Journal and Proceedings of the Royal Society of
New South Wales 101, 159-169.
Scotese, C. R. & McKerrow, W.S., 1990. Revised world maps
and introduction. Memoir of the Geological Society of London
12, 1-21.
Trotter, J.A. & Talent, J.A., 2005. Early Devonian (midLochkovian) brachiopod, coral and conodont faunas from
Manildra, New South Wales, Australia. Palaeontographica A
272, 1-54.
Wright, A.J., 1997. A global perspective of the Silurian tetracoral
Goniophyllum. Geological Society of America Special Paper
321, 327-340.
Wright, A.J., 2001. A new Early Devonian operculate coral genus

AAP Memoir 44 (2013)
from eastern Australia. Records of the Western Australian
Museum, Supplement 58, 21-35.
Wright, A.J., 2010. Septal architecture and palaeoecology of
Calceola (Cnidaria, Calceolidae), with comments on the
phylogeny of Devonian operculate tetracorals. Memoirs of
the Association of Australasian Palaeontologists 39, 159-176.
Zhang, N., 1989a. Wenlockian (Silurian) brachiopods of the Cape
Phillips Formation, Baillie Hamilton Island, Arctic Canada: part
1. Palaeontographica A 206, 49-97.
Zhang, N., 1989b. Wenlockian (Silurian) brachiopods of the Cape
Phillips Formation, Baillie Hamilton Island, Arctic Canada: part
2. Palaeontographica A 206, 98-135.
Zhang, N., 1989c. Wenlockian (Silurian) brachiopods of the Cape
Phillips Formation, Baillie Hamilton Island, Arctic Canada: part
3. Palaeontographica A 207, 1-48.
Z hang , N., 2001. Paleoecology and paleobiogeography of
Wenlockian (Silurian) brachiopods of the Cape Phillips Formation
from Baillie Hamilton Island, Arctic Canada. Journal of the Czech
Geological Society 46, 95-104.

